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Mitral valve is an important tissue of the heart. Mitral insufficiency is that a
portion of the blood flows of the left ventricle backwards into the left atrium during
the ventricular systole period because the mitral valve does not close properly. Mitral
insufficiency is one of the most common pathological phenomena in cardiovascular
disease, and it will cause the left ventricular expansion and dysfunction. The severe
mitral regurgitation even lead to heart failure and death. It plays an important role for
mitral valve repair and valve replacement surgery to study hemodynamic status. Due
to the complicated mechanism of physiological system and the lack of
non-disturbance experiment in vivo, the methods of modeling and simulation is
adopted to quantitative analysis of different characteristics of the physiological system
with no trauma.
Based on physiological characteristics of the cardiovascular system, we use the
electronic model to simulate the hemodynamic changes of cardiovascular system
when mitral insufficiency appears. Firstly, the paper introduces the related
physiological knowledge of the cardiovascular system, the pathophysiology of mitral
regurgitation, the theoretical basis of computer simulation and the modeling methods
of physiological systems. Secondly, an analog circuit model of the left heart-aortic
system is designed, then the model is simulated and the experimental results are
discussed. The effects on physiological system are observed when modifying the
model parameters of the model. Lastly, according to the pathological characteristics of
mitral insufficiency, we establish a more detailed cardiovascular system model with
four Chambers lumped parameter and simulate the hemodynamic status of mitral
insufficiency with different level (mild, moderate and severe). The experimental
results are matched actual physiological characteristics. The main contents and
innovation of this dissertation are as follows:
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cardiovascular system, the heart and blood vessel are modeled. An analog circuit
model of the left heart-aortic system is designed to simulate the behavior of the left
heart-aortic under mitral regurgitation conditions. The main physiological
characteristics parameters and time curves are obtained. The experimental results and
actual physiological data are matched, which suggests the circuit model is feasible. At
last, we modify the model parameters to observe the simulation results.
2. Mitral regurgitation will lead to the hemodynamic changes of left ventricle ,
left atrium and the pulmonary artery. coupling the heart, systemic and pulmonary
circulation systems to establish a more detailed cardiovascular system model with
four chambers lumped parameter. the model is Simulated to study the hemodynamic
status of the cardiovascular system when mitral insufficiency occurs. The results are
well consistent with clinical experience data, which further verified the validity of the
model and simulation methods.
3. On the basis of the four chambers lumped parameter model, we simulate the
mitral insufficiency pathological phenomena of mitral insufficiency with different
level(mild, moderate and severe), observe the hemodynamic changes of the left atrium,
the left ventricle and the pulmonary system, quantitatively calculate the mitral
regurgitant volume and regurgitant fraction, and evaluate the severity of mitral
regurgitation. Then the simulation system with variable parameters is designed. In the
interface, the model parameters are modified according to different individuals and
the results is displayed graphically.
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